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Hi Bryn

stay well!!

here is the ppt.  I made a few edits to the permitting slides too.

thanks!
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Debra
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-------------------------------------
Debra L. Denton, PhD
Environmental Scientist
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________________________________________
From: Bryn Phillips [bmphillips@ucdavis.edu]
Sent: Monday, May 11, 2015 2:08 PM
To: Denton, Debra
Subject: Re: slides

Debra,

I added three examples that we can hand-enter with the calculator. I
also added three slides that cover ambient data sets.  I don't really
know what data format folks are looking at when they are attempting to
list water bodies, so I gave an example of a SWAMP output.  I can also
add a CEDEN output, but I don't think it will be much different.

Please looks at the final slides of this Day 2 presentation and give me
some comments before we make it final.

Thanks,

Bryn

Bryn Phillips
Department of Environmental Toxicology
University of California, Davis
Marine Pollution Studies Lab - Granite Canyon
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Draft Toxicity Amendment
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Project History



In 2002, R4 staff included numeric chronic toxicity limits in 2 LA County Sanitation District permits, resulting in a petition



The State Board declined to make a determination (Water Quality Order 2003-0012)



Resolution No. 2005-0019 required staff to amend the toxicity provisions established in the State Implementation Policy
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WQO 2003-0012 reinstated the prior narrative chronic limits and stated the need for the issue of toxicity provisions to be considered in a “regulatory setting, in order to allow for full public discussion and deliberation.”



Resolution 2005-0019 required staff to amend the narrative toxicity provisions in the SIP by January 2006.
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Project History



January 2006: Staff held a scoping meeting for the proposed SIP revisions



July 2010: A preliminary draft of the Policy for Toxicity Assessment and Control (Policy) was released



October 2010: Staff released a formal draft of the Policy 



June 2012: The revised, Public Review Draft of the Policy was released



September 2012: The draft Policy was changed into an amendment to the Water Quality Control Plan for Enclosed Bays and Estuaries of California
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WQO 2003-0012 reinstated the prior narrative chronic limits and stated the need for the issue of toxicity provisions to be considered in a “regulatory setting, in order to allow for full public discussion and deliberation.”



Resolution 2005-0019 required staff to amend the narrative toxicity provisions in the SIP by January 2006.
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Proposed Provisions

Numeric water quality objectives



Uniform reasonable potential (RP) analyses and effluent limits/triggers



Monitoring frequency based on discharge rate



Standardized accelerated monitoring schedule



Requirement to perform TREs



Exceptions for qualifying dischargers



Required use of TST statistical approach
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Proposed Provisions

Numeric Water Quality Objectives



Chronic Toxicity



H0: Mean response (ambient receiving water) ≤ 0.75 • mean response (control)



Acute Toxicity



H0: Mean response (ambient receiving water) ≤ 0.80 • mean response (control)



Compliance is demonstrated by rejecting these null hypotheses



Objectives address aquatic life beneficial uses



Applied to all inland surface waters, enclosed bays, and estuaries of the state
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A percent effect at the IWC below 25 for chronic, or 20 for acute, will enable the rejection of these null hypotheses and compliance with the objectives, as well as the proposed effluent limitations as we intend to have these objectives directly applied as effluent limitations. 



These objectives are intended to protect aquatic life beneficial uses such as warm freshwater habitat, cold freshwater habitat, wildlife habitat, estuarine habitat, etc.
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Proposed Provisions

RP Analyses/Species Sensitivity Screenings



Chronic Toxicity – 1 vertebrate, 1 invertebrate, 1 plant



Acute Toxicity – 1 vertebrate, 1 invertebrate



4 tests per species



RP is assigned to WWTPs discharging ≥ 5 MGD



RP is demonstrated when:



Any test results in a “fail”



Effect is greater than 10%
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The term “publicly owned treatment works” could be replaced by “wastewater treatment plants” in the draft amendment, as there are some facilities that operate under public/private sector partnerships that we’ll likely want to regulate in the same manner.



Wastewater treatment plants authorized to discharge at a rate of 5 MGD or greater would be “assigned” reasonable potential, in accordance with 40 CFR Section 122.44(d)(1)(i), and the requirement to conduct an RPA would be “waived” (however, this is a technicality as the species sensitivity screening required of these  would be identical). 



The referenced section of the Code of Federal Regulations grants the Executive Director the ability to make a determination regarding one or more pollutants that may be discharged at a level which will cause, have the reasonable potential to cause, or contribute to an excursion above any State water quality standard, including the proposed toxicity objectives. This determination was made due to the fact that WWTP’s of this size are typically enrolled in the pretreatment program and the steady, voluminous flow of influent may contain pollutants that pass through or interfere with plant operations.
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Proposed Provisions

Effluent Limitations/Triggers



Chronic MDEL/trigger – “fail” with ≥ 50% effect



Acute MDEL/trigger – “fail” with ≥ 40% effect



MMEL – 2 out of 3 tests result in a “fail”





Exceedances:



Accelerated Monitoring – Exceedance of MDEL/trigger or MMEL (maximum of 3 tests over a 45-day period)



TRE – Any test results in a “fail” during accelerated monitoring
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As previously mentioned, State Water Board upper management is currently evaluating the potential use of numeric triggers for the acute and chronic Maximum Daily Effluent Limitations (MDELs). If these triggers were applied, an “exceedance” would only require the implementation of an accelerated monitoring schedule as no violation would be accrued by the discharger. Regardless of whether or not the MDEL stays a limitation or changes to a trigger, an exceedance would occur when a routine chronic or acute toxicity test results in a “fail” with an effect of 50% or 40%, respectively. A toxicity test that results in a “fail” below these effect thresholds would be required to determine compliance with the median monthly effluent limitation by conducting a maximum of two additional toxicity tests within 20 days from the initial result of “fail.”





While these toxicity provisions are primarily aimed at NPDES wastewater and point source WDR dischargers, we are also proposing the use of the TST for storm water and other dischargers that are required to monitor toxicity in a permit, WDR, WDR Waiver, or Conditional Prohibition. More on that in a little bit. 



Accelerated monitoring would be required if the MDEL or MMEL is exceeded. In tightening up the requirements previously proposed in the draft Toxicity Policy, we’re requiring dischargers to implement an accelerated monitoring schedule-consisting of a maximum of 3 tests-within seven days of the exceedance, and have it conclude within 45 days. If an accelerated test results in a “fail,” any remaining tests would be waived and a Toxicity Reduction Evaluation would be required. It’s worth noting that if upper management decides to propose an MDEL trigger, an accelerated monitoring schedule would essentially double as a means of determining compliance with the MMEL, in that a result of “fail” during an accelerated monitoring schedule triggered by an exceedance of the MDEL would also be considered an exceedance of the MMEL, and the offending discharger would receive a violation.
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Proposed Provisions

Monthly Monitoring



WWTPs and industries continuously discharging ≥ 5 MGD



WWTPs can qualify for monitoring reduction



Non-continuous dischargers that discharge ≥ 5 MGD for 15 or more days



Quarterly Monitoring

WWTPs and industries continuously discharging < 5 MGD



Non-continuous dischargers that discharge < 5 MGD for 15 or more days
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In order for a POTW to qualify for a small disadvantaged communities exception, the municipality that they serve must have a population of 20,000 persons or less, or a reasonably isolated and divisible segment of a larger municipality encompassing 20,000 persons or less, with an annual median household income that is less than 80 percent of the statewide annual median household income.



Only entities that discharge less than one million gallons per day on a non-continuous basis can qualify for the insignificant discharge exception.



The categorical and case-by-case exceptions come directly from the SIP. Categorical exceptions deal primarily with resource or pest management and maintenance for water supply reservoirs and conveyances. Case-by-case exceptions are intended for individual water bodies or watersheds that differ sufficiently from statewide conditions. And unlike small disadvantaged communities and insignificant discharges, activities that qualify for these exceptions are not required to meet the proposed toxicity objectives.



Dischargers utilizing flow-through acute toxicity testing systems to conduct weekly monitoring before the adoption of the draft amendment would be “exempt” from RP, the proposed monitoring schedules, the TST, and TREs due to the fact that these two-chamber systems are not amenable to the TST approach which requires a minimum of four replicate chambers. This exception would allow the Regional Boards to essentially grandfather-in the current requirements for these dischargers, or create unique requirements that are protective of the proposed objectives.
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Proposed Provisions

Storm Water and Nonpoint Source Dischargers





13383 and 13267 letters will be sent to dischargers currently required to monitor toxicity



These dischargers will then have 1 year to switch to the TST for all toxicity test analyses



The draft amendment does not require storm water and nonpoint source dischargers to implement a toxicity monitoring program
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In order for a POTW to qualify for a small disadvantaged communities exception, the municipality that they serve must have a population of 20,000 persons or less, or a reasonably isolated and divisible segment of a larger municipality encompassing 20,000 persons or less, with an annual median household income that is less than 80 percent of the statewide annual median household income.



Only entities that discharge less than one million gallons per day on a non-continuous basis can qualify for the insignificant discharge exception.



The categorical and case-by-case exceptions come directly from the SIP. Categorical exceptions deal primarily with resource or pest management and maintenance for water supply reservoirs and conveyances. Case-by-case exceptions are intended for individual water bodies or watersheds that differ sufficiently from statewide conditions. And unlike small disadvantaged communities and insignificant discharges, activities that qualify for these exceptions are not required to meet the proposed toxicity objectives.



Dischargers utilizing flow-through acute toxicity testing systems to conduct weekly monitoring before the adoption of the draft amendment would be “exempt” from RP, the proposed monitoring schedules, the TST, and TREs due to the fact that these two-chamber systems are not amenable to the TST approach which requires a minimum of four replicate chambers. This exception would allow the Regional Boards to essentially grandfather-in the current requirements for these dischargers, or create unique requirements that are protective of the proposed objectives.
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Proposed Provisions

Exceptions



Small disadvantaged communities

Population ≤ 20k and median household income (MHI) < 80% of statewide MHI



Insignificant discharges

No RP to exceed objectives



Categorical exceptions

Short-term/seasonal



Case-by-case exceptions

Site-specific conditions



Flow-through acute toxicity testing systems

Allows for continued use
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In order for a POTW to qualify for a small disadvantaged communities exception, the municipality that they serve must have a population of 20,000 persons or less, or a reasonably isolated and divisible segment of a larger municipality encompassing 20,000 persons or less, with an annual median household income that is less than 80 percent of the statewide annual median household income.



Only entities that discharge less than one million gallons per day on a non-continuous basis can qualify for the insignificant discharge exception.



The categorical and case-by-case exceptions come directly from the SIP. Categorical exceptions deal primarily with resource or pest management and maintenance for water supply reservoirs and conveyances. Case-by-case exceptions are intended for individual water bodies or watersheds that differ sufficiently from statewide conditions. And unlike small disadvantaged communities and insignificant discharges, activities that qualify for these exceptions are not required to meet the proposed toxicity objectives.



Dischargers utilizing flow-through acute toxicity testing systems to conduct weekly monitoring before the adoption of the draft amendment would be “exempt” from RP, the proposed monitoring schedules, the TST, and TREs due to the fact that these two-chamber systems are not amenable to the TST approach which requires a minimum of four replicate chambers. This exception would allow the Regional Boards to essentially grandfather-in the current requirements for these dischargers, or create unique requirements that are protective of the proposed objectives.
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Project Goals

The draft toxicity amendment will:



Protect aquatic life beneficial uses of inland surface waters, enclosed bays, and estuaries



Comply with Resolution 2005-0019



Provide a clear and consistent statistical method to interpret data



Establish a uniform approach to toxicity control



Provide for an efficient regulatory program
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Toxicity Project Webpage

http://www.waterboards.ca.gov/water_issues/programs/state_implementation_policy/tx_ass_cntrl.shtml













Zane Poulson

PSI Unit Chief

(916) 341-5488

zane.poulson@waterboards.ca.gov
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Permit Development for Toxicity



















Quality Assurance Management review and oversight to ensure data quality during data collection.

Quality Control Activities required during data collection to produce the desired data quality.
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Outline

Assume:

Reasonable potential has been evaluated



Cover:

Key permit requirements for toxicity to address potential problems
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NPDES Permit Goals for Toxicity

Protect water quality:

Meet WQS for toxicity

Effluent limits preempt toxicity impacts to receiving water from permitted discharge

Monitor effluent for changes in quality / new contaminants



Secure accountability:

Clearly express toxicity effluent limits, thresholds for accelerated monitoring / TREs, and other toxicity conditions

Enforceability is key
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Steps to Develop WQBELs

Identify applicable acute and chronic WQS



Determine authorized dilution factor



Determine reasonable potential



Calculate WQBELs, if there is reasonable potential



Establish permit requirements for toxicity
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Region Basin Plan Requirements


Narrative toxicity objective example:

All waters shall be maintained free of toxic substances in concentrations that are lethal to or that produce other detrimental responses in aquatic organisms. Detrimental responses include, but are not limited to, decreased growth rate and decreased reproductive success of resident or indicator species.



Numeric acute toxicity objective

Narrative chronic toxicity objective

Detailed toxicity implementation procedures
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Permit Requirements for Toxicity
Need to Address …

Expression of effluent limit and threshold for accelerated monitoring / TREs

Effluent limit averaging period

Discharge-specific IWC (chronic, acute)

Statistical endpoint

Acute or chronic toxicity monitoring

Monitoring frequency

Sample collection and handling

Test species and methods

Test type and duration

Statistical endpoint / IWC and dilution series selection

Dilution water

Reference toxicant testing

Other QA conditions

Reporting

Steps to address toxicity

Permit reopener condition
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Toxicity Monitoring

Acute toxicity:

Biological endpoint is lethality



Chronic toxicity:

Biological endpoints are growth, reproduction, fertilization, and (sometimes) lethality



Does a permit need both? 

Relative sensitivity of test species to potential toxicants

Difference between acute and chronic dilution factors
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Monitoring Frequency

		RB2 Basin Plan		Shallow Water Dischargers		Deep Water Dischargers		

		Quarterly						

		3- sample median		> 1 TUc				> 10 TUc

		1-sample maximum		> 2 TUc				> 20 TUc

		Semi-annually or Annually						

		1-sample maximum		> 1 TUc				> 10 TUc



		Other Possible Frequencies		Discharge Volume

		Quarterly		< 1 MGD

		Monthly		≥ 1 MGD
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Sample Collection and Handling 

Composite or grab sample?

Effluent variability

Continuous or intermittent discharge

Logistics



Handling and shipping

Chill ≤ 6°C

≤ 36 hour hold time to start of toxicity test 
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Test Species and Methods

Choose NPDES test method from 40 CFR 136, based on receiving water salinity

Chronic freshwater – 4th edition

Chronic marine West Coast – 1st edition

Chronic marine East Coast – 3rd edition 

Acute freshwater and marine – 5th edition

Recommend multi-species screening

Fish, invertebrate, and alga for chronic testing

Fish and invertebrate for acute testing

Specify statistical endpoint for comparison

Continue testing with most sensitive species
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Test Type and Duration

Acute tests are conducted as:

Static non-renewal, static renewal, or flow-through test

Test duration - 24, 48, or 96 hours

Need to specific type and duration in permit

Chronic tests are conducted as:

Test type specified in methods manual

Test duration - 9 days or less

No need to specific – follow methods
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Statistical Endpoint

Acute

LC/EC50

NOAEC - LOEAC

Pass/fail (traditional)

Pass/fail & relative % effect (TST)

% survival (no statistics)

Chronic

EC/IC25

NOEC - LOEC

Pass/fail (traditional)

Pass/fail & relative % effect (TST)
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Statistical Endpoint / IWC and Dilution Series Selection

Effluent testing:

Multi-concentration test:

5 test concentrations (including IWC) + control

Single-concentration test:

IWC + control



Stormwater & ambient water testing: 

Single-concentration test:

100% concentration + control (or called “two concentration test design”)
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Dilution Water

Synthetic laboratory water or receiving water



Select based on the objective of the test

Absolute toxicity of effluent (laboratory water)

Effect of effluent on uncontaminated receiving water (receiving water)



Brine Control

Dual control
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Reference Toxicant Testing

Should use same reference toxicant, test conditions, dilution water



Outside culture: concurrent testing



In-house culture: monthly testing
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QA and Other Conditions

Must meet TAC in test methods manual

Examine applicable test conditions table in test methods manual

Multi-concentration tests must be reviewed following EPA 821-B-00-004 (USEPA 2000)

Chronic tests using NOEC must achieve available PMSD/MSD for sublethal endpoints

Address substances allowed to be removed from effluent sample prior to toxicity testing (ammonia, chlorine, etc.)

Address toxicity related to substances controlled using chemical-specific effluent limits
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Reporting Toxicity Data

Summary of toxicity test results

Water quality measurements for each toxicity test

Statistical analysis summary sheets

Raw data sheets

Chain of custody forms

Compare reported information to:

Permit effluent limits and conditions; test method conditions and TAC; requirements for data review; need for follow-up
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Steps to Address Toxicity

Need to determine the magnitude and frequency of toxicity 



1-2 page TRE “fire plan”



Accelerated testing language



Include TRE / TIE language
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Permit Reopener Condition

Allows permitting authority to reopen permit and implement new effluent limits or conditions



Example: 

In accordance with 40 CFR 122 and 124, this permit may be modified to include effluent limits or permit conditions to address toxicity in the effluent; toxicity in the receiving water as a result of the discharge; or to implement new, revised, or newly interpreted water quality standards applicable to toxicity.
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For More Information …

Denton DL, Miller JM, Stuber RA. EPA Regions 9, 8, and 10 Toxicity Training Tool (TTT). January 2010. 

San Francisco, CA.

http://www.epa.gov/region8/water/wet/ToxTrainingTool10Jan2010.pdf



Debra Denton		Robyn Stuber

U.S. EPA Region 9		U.S. EPA Region 9	

(916) 341-5520		(415) 972-3524

denton.debra@epa.gov        		stuber.robyn@epa.gov
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Statistical Analysis, Data Review, 
and the
Test for Significant Toxicity (TST)
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Is There a Toxic Effect?

Hypothesis Test - Does a critical concentration of the sample show a statistically significant decrease in organism response as compared to the control?

Multiple Concentration - Compares each tested concentration to the control to determine the LOEC (statistically significant response) and NOEC (not statistically significant response) 

Dunnett’s Test, Steel’s Many-One Rank Test, etc.

Single Concentration - Compares an important concentration (the IWC) to the control to determine if there is a statistically significant response: Pass (not toxic) or Fail (toxic)

Test of Significant Toxicity (TST) or standard t-test

Point Estimates - At what concentration is an effect observed and is the critical concentration (IWC) less than this value? 

Multiple Concentration - LC50, EC25 or IC25













Multiple-Concentration Approach













































































































       	Control       1         2         3          4         5
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Used for Hypothesis Testing (NOEC and LOEC), and Point Estimates 

(EC25, IC25 , or LC50)
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Multiple Concentration
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NOEC

LOEC

LC50













Copper Reference Toxicant

% Fertilized	2.1269904639996637	2.4178422763993841	11.42876580259399	14.029317906950752	8.2444060736227573	0.51281230826016699	2.1269904639996637	2.4178422763993841	11.42876580259399	14.029317906950752	8.2444060736227573	0.51281230826016699	0	5.6	10	18	32	56	95.958780127096887	94.878433057949806	85.654291066619791	54.696740622748131	8.5728038072061228	1.0737976080047589	Copper Concentration (µg/L)

Percent Survival



































Control

Sample 





















Single Concentration Approach - Compares Sample to Control
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Used for T-Test and Test for Significant Toxicity (TST)



Can also be used in multiple concentration test design, but  the analysis is to only compare the IWC concentration to the control concentration













Show multiple concentrations, but highlight the two concentrations for analysis.
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Sometimes, hypothesis tests can detect small differences between control and sample
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Effects of Variability

% Effect = 11.7

NOEC = Toxic

TST = Non-Toxic
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C. dubia Reproduction

3.6	3.6	Control	IWC	42	6.1	6.1	Control	IWC	37	Control   			IWC



Average Reproduction





Sometimes, hypothesis tests CANNOT detect actual differences between control and sample
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Effects of Variability

% Effect = 30.9

NOEC = Non-Toxic

TST = Toxic













Freshwater tests
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C. dubia Reproduction

2.2000000000000002	2.2000000000000002	Control	IWC	23	12.3	12.3	Control	IWC	16	Control   			IWC



Average Reproduction





We Want to Answer the Question:

“Is the Sample Toxic?”
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For the purposes of a regulatory program, the statistics should give you a “yes” or “no” answer



The TST is designed to give a yes or no answer using rigorous, peer-reviewed statistics



Only control and a single sample are statistically compared, and the permittee now demonstrates that sample is NOT toxic  













What is the 

Test of Significant Toxicity (TST)?

A peer reviewed statistical analysis procedure for toxicity data (Denton et al., 2011; Diamond et al., 2011; Zheng et al., 2013; Diamond et al., 2013)



Can be used with all environmental media and testing programs involving toxicity testing:

Ambient

Stormwater

Effluent

Sediment
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TST is NOT a Change to the WET Test Methods

Labs still conduct the same biological test methods:



Same organisms

Same food

Same testing procedures

Same test acceptability criteria
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How is TST Different from Other 

U.S. EPA Statistical Analysis Approaches? 


TST uses explicit regulatory management decisions and test design error rates to ensure that:

Biologically insignificant effects are declared “non-toxic” most of the time

Unacceptable toxicity is identified as “toxic” most of the time



Result is that regulatory decisions will have higher confidence and will be more transparent using TST 
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Hypothesis Testing
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				Traditional		TST

		Null Hypothesis				

		Type I (alpha)				

						

						

		Type II (beta)				

						

						



Set at 0.05

Sample is safe, but declared “toxic”

Permittee Concern

Set at 0.05 – 0.25

Sample is toxic, but declared “safe”

Regulatory Concern

Not Established

Sample is toxic, but declared “safe”

Regulatory Concern

Set at 0.05

Sample is safe, but declared “toxic”

Permittee Concern

Mean sample ≥ Mean control

Sample is Safe

Mean sample ≤ b * Mean control

Sample is Toxic

Rejecting when True

Accepting when False













Null Hypothesis refers to a general or default position: that there is no relationship between two measurements.

In both cases Alpha is the Type I Error Rate (rejecting the null when it is true), and Beta is the Type II Error Rate (accepting the null when it is false).  

TST statistical approach re-states the null hypothesis.  



Under the TST approach, beta is the error rate that the permittee is interested in and desires to be minimized.  The beta in the TST is set at 0.05 or less.  The beta in the TST is set at the same rate as under the traditional HT (which is the alpha = 0.05).  So, bottom line is the permittee is getting the same error rate for either approach.
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What is the Bioequivalence b?

45

Ho: Mean sample < b * Mean control



Represents the threshold for unacceptable toxicity



The proportion of control response that is considered equivalent to the control (i.e., within typical response ranges for the test) 

	  =  20% effect for acute tests  

 	  =  25% effect for chronic tests (similar to IC25)



Ensures that small, but statistically significant differences between control and an effluent concentration (e.g., IWC) are not interpreted as a toxic response













TST Statistical Analysis Flowchart

Conduct WET test

Apply arcsine square root transformation for percent data 

(e.g., survival) 

Calculate t value using TST Welch’s t-test

Calculated t value > critical t value?

YES

NO

Sample is NOT Toxic

“Pass”

Sample is Toxic

“Fail”
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Conclusion

47

Improved transparency of regulatory decisions



TST analysis is more efficient in the calculations and 	interpretations, therefore clearer determination of 	compliance (definitive test result)



Both error rates are incorporated



Direct incentives to generate higher quality WET data



Streamlines the data interpretation process and  	therefore, reduces this subjectivity component 
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Data Examples
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Hypothesis Testing – NOEC/LOEC and TST














C. dubia Reproduction

Neonates	4.8	3.1	3.8	5.2	7.2	0	4.8	3.1	3.8	5.2	7.2	0	0	12.5	25	50	75	100	26	25	27	25	4.2	0	Sample Concentration (%)



Average Neonates







CETIS Output – C. dubia Reproduction
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NOEC/LOEC with Dunnett’s Procedure
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CETIS Output – C. dubia Reproduction

Summary and Replicate Data
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CETIS Output – C. dubia Reproduction

TST Analysis with Welch’s t Test















52





53

CETIS Output – C. dubia Reproduction

Summary and Replicate Data
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Data Example 1 - Background

The following are reports from a self-reporting permittee that conducts toxicity testing in house and is ELAP certified

The facility is effluent dominated (IWC = 100%)

The permit is expressed as a narrative limit with a trigger of 1.0 TUc = 100/NOEC with no daily maximum 

The permit has no daily maximum trigger or cap on the number of tests to determine the monthly median trigger

The cover letter uploaded to CIWQS - states "No toxicity for the compliance month"
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Data Example 1 – Test 1














C. dubia Reproduction

Neonates	8.4	6.4	6	12.8	9.6	9.6	8.4	6.4	6	12.8	9.6	9.6	0	20	40	60	80	100	36	34.9	34.5	33.200000000000003	31.2	27.1	Sample Concentration



Average Neonates
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Data Example 1 – Test 1

TST = Fail























Data Example 1 – Test 2
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C. dubia Reproduction

Neonates	7.6	10.6	9.9	2.8	13.8	9.1	7.6	10.6	9.9	2.8	13.8	9.1	0	20	40	60	80	100	36.700000000000003	34.1	32.700000000000003	35	28.8	29.5	Sample Concentration



Average Neonates
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Data Example 1 – Test 2









TST = Fail
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Data Example 1 – Test 3














C. dubia Reproduction

Neonates	8.2000000000000011	16.100000000000001	16.399999999999999	15.2	15.6	12.6	8.2000000000000011	16.100000000000001	16.399999999999999	15.2	15.6	12.6	0	20	40	60	80	100	34	27.3	25.6	23.4	21	24.2	Sample Concentration



Average Neonates
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Data Example 1 – Test 3










TST = Fail
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Data Example 1 – Test 4














C. dubia Reproduction

Neonates	8.2000000000000011	16.100000000000001	16.399999999999999	15.2	15.6	12.6	8.2000000000000011	16.100000000000001	16.399999999999999	15.2	15.6	12.6	0	20	40	60	80	100	39.4	38.5	34	27.3	28.9	28.5	Sample Concentration



Average Neonates
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Data Example 1 – Test 4
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Data Example 1 – Test 4










TST = Fail
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Types of Concentration Response Relationships













Concentration Response:
Three Possible Outcomes 

The calculated effect concentrations are reliable and should be reported



The calculated effect concentrations are anomalous – further investigation and explanation necessary



Test results were inconclusive – collect new sample and repeat test
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Talking Points 

In the Final 2002 Rule, USEPA requires the review of concentration-response relationships for all multi-concentration tests.  Under this requirement, the concentration-response relationship generated for each multi-concentration test must be reviewed to ensure that calculated test results are interpreted appropriately.

This means that the concentration-response relationship be reviewed, but does not require that a concentration-response relationship be established before determining that toxicity is present.

Examining the curve can be helpful in determining whether an effluent is toxic and in identifying anomalous test results.

It should be noted that the determination of a valid concentration-response relationship is not always clear cut.  In some cases, data interpretation may require consultation with professional toxicologists and regulatory officials.

Tests that exhibit unexpected concentration-response relationships also may indicate a need for further investigation and possible retesting.
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Data Example 1 – Test 5














C. dubia Reproduction

Neonates	12	4.9000000000000004	5.9	15.2	10.8	12.3	12	4.9000000000000004	5.9	15.2	10.8	12.3	0	20	40	60	80	100	37.200000000000003	38.9	32.6	28.4	33.80000	0000000004	32.9	Sample Concentration



Average Neonates
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Data Example 1 – Test 5










TST = Pass
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Data Example 1 – Summary (3 tests are toxic)

		Test		Percent Effect 
(100% Sample)		NOEC/LOEC		TST		Comments

		1		24.7		80/100		Fail		This test is toxic  

		2		19.6		80/100		Fail		TST could have passed with lower variability

		3		28.8		100/>100		Fail		High variability caused test to pass NOEC/LOEC and clearly has an important effect level; should be declared toxic

		4		27.7		100/>100		Fail		Test would have failed NOEC/LOEC without “anomaly;”  should be declared toxic

		5		11.6		100/>100		Pass		Test would have failed NOEC/LOEC without “anomaly”















Data Example 2
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Neonates	10.9	4.9000000000000004	9.1	6.7	19.600000000000001	13.5	10.9	4.9000000000000004	9.1	6.7	19.6000000000000	01	13.5	0	12.5	25	50	75	100	33.200000000000003	40.5	38.700000000000003	38	25.1	29.4	Sample Concentration



Average Neonates





Data Example 2
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TST = Pass
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Data Example 3













Neonates	14.9	4	5.8	2.8	7.4	19.399999999999999	14.9	4	5.8	2.8	7.4	19.3999999999999	99	0	12.5	25	50	75	100	41.2	47.9	46.5	46.7	41.9	31.7	Sample Concentration



Average Neonates
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Data Example 3









TST = Fail
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Data Example 4













Neonates	4.9000000000000004	17.7	13.7	7.9	2.2000000000000002	4.8	4.9000000000000004	17.7	13.7	7.9	2.2000000000000	002	4.8	0	12.5	25	50	75	100	37.9	28	30.4	35.6	36.1	35.200000000000003	Sample Concentration



Average Neonates
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Data Example 4









TST = Pass



















Use of CRR with TST?

75

The concentration-response relationship (CRR) was designed to assist in the more complex data review of the statistical approaches, the NOEC and point estimates (EC25) 



The CRR is a test review step and not a quality assurance requirement



The statistical approach of TST is different from that of the NOEC approach, and while the interpretation of the CRR plays a role in the review of the NOEC, it is not necessary for the TST analysis
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Data Example 5 - Background

“The discharge is subject to “Pass” or “Fail” and “Percent Effect” from a single effluent concentration chronic toxicity test at the discharge IWC using the Test for Significant Toxicity (TST) approach described by the NPDES Test of Significant Toxicity Implementation Document…”

Monthly Median Effluent Limit – Pass with TST

Maximum Daily Effluent Limit – Pass and <50% effect























Data Example 5 - Wrong Analysis 
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Data Example 5 - Wrong Analysis 

















Data Example 5 – Water Quality
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Ambient Sample Data Interpretation
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Currently, the Surface Water Ambient Monitoring Program (SWAMP) uses a two-tier system to determine the level of toxicity.

The first tier is a separate-variance t-test to determine significant difference from a control.

The second tier is a threshold that is 20% less than the control.

There are four possible outcomes that are reported as data qualifiers in the SWAMP and CEDEN databases.













Ambient Sample Data Interpretation

81

		NSG		Not Significant Greater Similarity		Not significant compared to control sample based on statistical test at alpha level.  Mean response not less than the evaluation threshold.  (No criteria met)

		NSL		Not Significant Less Similarity		Not significant compared to control sample based on statistical test at alpha level.  Mean response less than the evaluation threshold.  (Only second criterion met)

		SG		Significant Greater Similarity		Significant compared to control sample based on statistical test at alpha level. Mean response not less than the evaluation threshold.  (Only first criterion met)

		SL		Significant Less Similarity		Significant compared to control sample based on statistical test at alpha level. Mean response less than the evaluation threshold.  (Both criteria met)















Ambient Sample Data Interpretation
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		StationCode		UnitAnalyte		RepCount		Mean		StdDev		StatisticalMethod		AlphaValue		Probability		MSD		EvalThreshold		SigEffect

		205COY060		%		8		66		22		T-test		0.05		0.003		20		76.3		SL

		205COY060		mg/ind		8		0.082		0.032		T-test		0.05		0.051		20		0.084		NSL

		205COYGAL		%		8		70		13.1		T-test		0.05		0		20		76.3		SL

		205COYGAL		mg/ind		8		0.084		0.028		T-test		0.05		0.048		20		0.084		SG

		205COYSCL		%		8		85		12		T-test		0.05		0.022		20		76.3		SG

		205COYSCL		mg/ind		8		0.079		0.011		T-test		0.05		0.001		20		0.084		SL

		205GUA020		%		7		91		10.7		T-test		0.05		0.17		20		76.3		NSG

		205GUA020		mg/ind		7		0.069		0.013		T-test		0.05		0		20		0.084		SL

		LABQA		%		8		96		7.4		T-test		0.05		0.5		20		76.3		NA

		LABQA		mg/ind		8		0.105		0.017		T-test		0.05		0.5		20		0.084		NA















TST Calculator
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TST Calculator Exercises

84

		Replicate		Control		Sample

		1		41		37

		2		43		38

		3		42		37

		4		41		37

		5		45		35

		6		38		34

		7		44		37

		8		42		43

		9		42		35

		10		42		38

						

		Mean		42		37

		SD		3.6		6.1



Ceriodaphnia dubia chronic test

Reproduction endpoint

11.7% Effect

Traditional statistical approach declares the sample statistically significant.

TST approach declares the sample not statistically significant.
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TST Calculator Exercises
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		Replicate		Control		Sample

		1		91		75

		2		92		78

		3		94		80

		4		95		85

		5		96		86

						

		Mean		94		81

		SD		2.1		4.7



Mytilus spp. chronic test

Development endpoint

13.7% Effect

Traditional approach declares the sample statistically significant.

TST approach declares the sample not statistically significant.
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TST Calculator Exercises
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		Replicate		Control		Sample

		1		5		4

		2		5		4

		3		5		4

		4		5		4

		5		5		4

						

		Mean		100		80

		SD		0		0



Topsmelt acute test

Survival endpoint

20% Effect – zero variance

T-test and TST cannot calculate result (cannot divide by zero)

Calculate the relative difference and it is 20%.  













TST Calculator
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34500 Highway One
Monterey, CA 93940
831-624-0947
831-626-1518 Fax

On 5/11/2015 8:28 AM, Denton, Debra wrote:
> Hi Bryn
>
> I really believe that we need the time as we have run short on the data exercise with hands on of the TST.  We
 should do examples that cover :
>
> - chronic FW
> - acute that covers zero variance
> - chronic marine west coast like red abalone and giant kelp  (especially since Regional board 9  has Ocean Plan
 applications)
>
>
> Here is the format and we can add to this for the marine test examples.  If you need data sets - I can provide.  It
 would be nice to have them have the information that shows what we enter into the TST tool.
>
> Sure, we can show some ambient data sets too.
>
>
> PEACE = Purposefully Express Appreciation and Compassion for Everyone
> Debra
>
> Disclaimer: This message was written with voice activated software. It may contain errors. Some of them might
 be interesting. Observe the context and the meaning will, hopefully, be obvious.
> -------------------------------------
> Debra L. Denton, PhD
> Environmental Scientist
> US EPA Region 9
> Water Quality Assessment Section (WTR-2-1)
> c/o SWRCB
> 1001 I Street
> Sacramento, CA 95814
> phone (916) 341-5520
>
> ________________________________________
> From: Bryn Phillips [bmphillips@ucdavis.edu]
> Sent: Friday, May 8, 2015 2:40 PM
> To: Denton, Debra
> Subject: Re: slides
>
> Hi Debra,
>
> I am working on the Day 2 Presentation for the work shop and wanted to
> include some ambient data.  I thought I could include how SWAMP data are
> interpreted using the two-tier approach, and talk about the four data
> qualifiers.  This is what the regions are using for listings, so it
> could be helpful.  I could also talk about how SWAMP and CEDEN have
> field that incorporate the TST.
>
> What do you think?
>
> Bryn Phillips



> Department of Environmental Toxicology
> University of California, Davis
> Marine Pollution Studies Lab - Granite Canyon
>
> 34500 Highway One
> Monterey, CA 93940
> 831-624-0947
> 831-626-1518 Fax
>
> On 5/7/2015 2:26 PM, Denton, Debra wrote:
>> all good. thanks!
>>
>> or you could use the illustration for chronic sediment test for survival, bc the RMD is 25% effect
>>
>>
>> PEACE = Purposefully Express Appreciation and Compassion for Everyone
>> Debra
>>
>> Disclaimer: This message was written with voice activated software. It may contain errors. Some of them might
 be interesting. Observe the context and the meaning will, hopefully, be obvious.
>> -------------------------------------
>> Debra L. Denton, PhD
>> Environmental Scientist
>> US EPA Region 9
>> Water Quality Assessment Section (WTR-2-1)
>> c/o SWRCB
>> 1001 I Street
>> Sacramento, CA 95814
>> phone (916) 341-5520
>>
>> ________________________________________
>> From: Bryn Phillips [bmphillips@ucdavis.edu]
>> Sent: Thursday, May 7, 2015 12:54 PM
>> To: Denton, Debra
>> Subject: Re: slides
>>
>> Okay.  I will re-do the slide.  I have to leave after 2 anyway to pick
>> up my daughter.
>>
>> Thanks!
>>
>> Bryn
>>
>> Bryn Phillips
>> Department of Environmental Toxicology
>> University of California, Davis
>> Marine Pollution Studies Lab - Granite Canyon
>>
>> 34500 Highway One
>> Monterey, CA 93940
>> 831-624-0947
>> 831-626-1518 Fax
>>
>> On 5/7/2015 12:09 PM, Denton, Debra wrote:
>>> change to a value less than 20.  unless this example is for chronic sediment.
>>>
>>> no need to chat - if you can understand my notes.



>>>
>>>
>>>
>>> PEACE = Purposefully Express Appreciation and Compassion for Everyone
>>> Debra
>>>
>>> Disclaimer: This message was written with voice activated software. It may contain errors. Some of them might
 be interesting. Observe the context and the meaning will, hopefully, be obvious.
>>> -------------------------------------
>>> Debra L. Denton, PhD
>>> Environmental Scientist
>>> US EPA Region 9
>>> Water Quality Assessment Section (WTR-2-1)
>>> c/o SWRCB
>>> 1001 I Street
>>> Sacramento, CA 95814
>>> phone (916) 341-5520
>>>
>>> ________________________________________
>>> From: Denton, Debra
>>> Sent: Thursday, May 7, 2015 9:35 AM
>>> To: Bryn Phillips
>>> Subject: slides
>>>
>>> Hi Bryn
>>>
>>> looking at these 2 slides.
>>> If we are discussing acute test method, then we need to change 22% to sometimes less than 20, bc 20 is the
 effect level that we wish to declare statistically significant.  Unless you intended this for chronic sediment survival
 endpoint, which is the desired effect is 25%.  I think that should be the case for this example.
>>>
>>> take care!
>>>
>>>
>>>
>>>
>>> PEACE = Purposefully Express Appreciation and Compassion for Everyone
>>> Debra
>>>
>>> Disclaimer: This message was written with voice activated software. It may contain errors. Some of them might
 be interesting. Observe the context and the meaning will, hopefully, be obvious.
>>> -------------------------------------
>>> Debra L. Denton, PhD
>>> Environmental Scientist
>>> US EPA Region 9
>>> Water Quality Assessment Section (WTR-2-1)
>>> c/o SWRCB
>>> 1001 I Street
>>> Sacramento, CA 95814
>>> phone (916) 341-5520
>>>
>


